responsible in approximately one-third of patients. Of presenting patients, 89% presented emergently, 19% had an acute abdomen, and 65% were treated with surgical intervention. The overall mortality rate in this cohort was 8%. Diagnostic evaluation typically involves computed tomography, and treatment involves surgical detorsion of the intestine, resection of gangrenous bowel, and appropriate treatment depending on the underlying etiology.
Colonic Volvulus
The most common forms of colonic volvulus include sigmoid followed by cecal volvulus (►Fig. 1).
14 Depending on the form of volvulus, demographics and incidence vary. In contradistinction to small bowel volvulus, it is rare in children. Pregnant patients are a group that warrants special consideration, as they have an increased rate of colonic volvulus, such that it accounts for one-quarter of colonic obstruction in these patients. This is possibly secondary to the gravid uterus pushing upward on the colon and making it more prone to torsion. In pregnant patients with obstipation, this diagnosis must be considered. Clinical presentation may be somewhat variable. Patients tend to have abdominal distention, and constipation or obstipation. Patients may also have associated nausea and vomiting. Some patients will have recurring episodes which spontaneously resolve. If there is ischemia of the volvulized segment, patients may also have severe abdominal pain, peritonitis, and evidence of shock.
Sigmoid Volvulus
The incidence of sigmoid volvulus is highly variable, and is much more common in areas where high-fiber diets are consumed, such as regions of Asia, Africa, and South America.
15
These diets, as well as other cultural factors, are thought to contribute to sigmoid colon elongation, thereby predisposing to sigmoid volvulus. In these regions, sigmoid volvulus accounts for 20 to 54% of intestinal obstructions. In the United States, Western Europe, and Australia, sigmoid volvulus accounts for only 3 to 5% of intestinal obstructions. Worldwide, the incidence in men is much higher than in women, and this may be explained by the mesenteric shape, which tends to be longer and have a narrower base in men. 16 In western regions, patients tend to be elderly, institutionalized, constipated, and have neuropsychiatric disorders.
14,17
Abdominal radiographs may be useful if they demonstrate a large sigmoid loop in the shape of a "bent inner tube" or "omega loop" (►Fig. 2). A recent Turkish retrospective review of 938 patients with sigmoid volvulus reported that of patients who underwent plain films, 67% demonstrated findings of sigmoid volvulus. 18 However, if plain films are equivocal, abdominal computed tomography should be attained and is almost always diagnostic. 18, 19 A mesenteric whirl sign is typical, in addition to colonic dilatation. In a patient without signs of sigmoid ischemia, the initial step in management should be urgent endoscopic detorsion. This is performed using a flexible colonoscope, which allows for visualization of the colonic mucosa. If the mucosa is noted to be gangrenous, detorsion should be aborted due to the risk of perforation. Once detorsion has been achieved, a rectal tube should be placed to facilitate further colonic decompression. Plain films should be attained at the completion of the procedure, to confirm no free air or bowel perforation. Endoscopic detorsion is successful in 60 to 80% of patients, [20] [21] [22] [23] and prevents the need for emergent surgical intervention. However, the risk of recurrence following endoscopic detorsion alone is as high as 90% and carries a high risk of mortality up to 35% 22, [24] [25] [26] [27] [28] [29] [30] ; therefore, definitive elective sigmoid resection is recommended. This is usually performed within the same hospitalization. If the patient has not had a recent complete colonoscopy, this should be performed prior to sigmoid resection. Sigmoid resection may be performed laparoscopically or in an open fashion (►Fig. 3).
The risk of recurrent volvulus following sigmoid resection is low. Atamanalp reported on 166 patients who underwent sigmoid resection over a 46-year period with no recurrences. 23 Other studies similarly have demonstrated a low recurrence rate following sigmoid resection. 25, 31, 32 In patients found to have sigmoid volvulus in the setting of megacolon, total abdominal colectomy is recommended due to the high recurrence rate with sigmoid resection alone. 26, 33, 34 Several surgical alternatives to sigmoid resection have been described, including surgical detorsion alone, or coupled with sigmoid or mesenteric fixation. 35 These techniques generally have high recurrence rates or associated morbidity and are generally not recommended.
28,36,37
In patients with suspected ischemia or unsuccessful endoscopic detorsion, emergent surgical exploration is indicated and sigmoid resection should be performed. Whether to proceed with anastomosis versus colostomy creation depends on several factors including the patient's hemodynamic stability, nutritional status, presence of gross contamination, and degree of bowel dilation. Grossman et al reported a higher mortality in patients undergoing emergent versus elective surgical intervention for sigmoid volvulus (24 vs. 6%, p < 0.01). Atamanalp reported similar results with 35.3% morbidity and 16.1% mortality for emergency procedures versus 12.5 and 0% for elective procedures, respectively. 23 In a recent analysis of the National Inpatient Sample, the mortality rate for sigmoid volvulus was 9%, and gangrene was noted to be a strong predictor of mortality. Volvulus of the Small Bowel and Colon Kapadia 41
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Cecal Volvulus
Cecal volvulus is the second most frequent type of colonic volvulus, following sigmoid volvulus. 28, [38] [39] [40] There are two forms of cecal volvulus. The more common form involves an axial twist of the ileum, cecum, and proximal ascending colon around the mesentery. 39, 41 The other involves folding of the cecum upward toward the hepatic flexure, termed cecal bascule, and accounts for 10% of cecal volvulus cases.
Patients with cecal volvulus tend to be younger than patients with sigmoid volvulus and it is more common in women than in men. 20, 42 As many as 10% of patients with cecal volvulus are pregnant at presentation. To develop cecal volvulus, the cecum must be mobile with little fixation of the ascending colon to the retroperitoneum; however, this alone is likely inadequate. Other contributing risk factors include high-fiber intake, chronic constipation, acute medical illnesses, mental disorders, and previous abdominal surgery.
39,42
In patients with cecal volvulus, plain radiographs are diagnostic less than 20% of the time. 42 Classically, there is a "coffee bean" sign in the left upper quadrant. However, in less clear cases, there may be evidence of cecal and small bowel dilatation, and absence of colonic gas, which should prompt further imaging. Computed tomography imaging is highly diagnostic and usually demonstrates the "coffee bean" and mesenteric whirl. The location of the mesenteric whirl can help distinguish between sigmoid and cecal volvulus, as well as the type of cecal volvulus.
19,43
Unlike sigmoid volvulus, endoscopic detorsion is generally not recommended as initial management for cecal volvulus because of lower success rates and higher rates of ischemia in the volvulized segment. 22, 44 Therefore, once cecal volvulus is diagnosed, surgical exploration is the appropriate course of action. The first step in surgical management is assessing the volvulized segment. If it is gangrenous, resection is mandated. A primary anastomosis even in the setting of gangrene is acceptable; however, depending on the patient's nutritional status, comorbid conditions, or other factors negatively influencing healing, ileostomy creation may be preferred. 45 Several options have been described for treatment including detorsion alone, cecopexy, cecostomy placement, and resection usually in the form of a right hemicolectomy. Cecopexy involves suturing the right colon to the right paracolic gutter using sutures. Cecostomy placement involves placing a tube through the abdominal wall and into the cecum, which affixes the colon and prevents volvulus. Rabinovici et al reviewed 561 cases in the literature with cecal volvulus and found that detorsion, cecopexy, and cecostomy had recurrence rates between 12 and 14% compared with resection which had no recurrences.
42
Additionally, the morbidity and mortality for cecostomy creation is 52 and 32%, respectively, compared with resection which is 29 and 22%, respectively. More recent studies have demonstrated lower morbidity and mortality for resection, and because of the lower recurrence rates, this is the preferred treatment of choice for cecal volvulus.
20

Ileosigmoid Knotting
Ileosigmoid knotting is more common in Africa, Asia, and the Middle East. It is rare in the West, although few cases overall have been described in the literature. 46, 47 Patients tend to be younger than those with sigmoid volvulus alone, and there is male predominance. 46, [48] [49] [50] Ileosigmoid knotting involves volvulus and obstruction of both the sigmoid and ileum. Four general types of ileosigmoid knotting are known to occur. More often, the ileum wraps around the sigmoid colon, either clockwise or counterclockwise. The sigmoid colon may wrap around the ileum, either clockwise or counterclockwise. A fifth and least common type is sometimes described and involves the ileocolic segment wrapping around the sigmoid colon.
51
Similar to sigmoid volvulus, patients have a long sigmoid colon with a narrow-based mesentery. In addition, the ileum tends to be mobile with a long mesentery. Contributing factors include high-fiber diets and large volume fluid consumption. 51, 52 Patients present with abdominal pain, distention, obstipation, nausea, and vomiting. They tend to be more acutely ill than patients with other types of colonic volvulus, and can often present with sepsis, hypotension, and acidosis.
48
Plain radiographs may demonstrate signs of a small bowel obstruction in combination with a large sigmoid loop. However, in a series of 76 patients, only 6% were correctly diagnosed when considering clinical findings and plain films. 48 Computed tomography imaging will demonstrate dilated sigmoid and ileal loops with whirl signs in the ileal and sigmoid mesenteries, and is generally recommended for aiding in the diagnosis, provided the patient is stable.
Endoscopic detorsion will not be successful and these patients should undergo emergent surgical exploration. Options for management depend heavily on the viability of the involved intestinal segments. Atamanalp et al published a series of 74 patients in which only 19% of patients had viable intestine. 48 Obvious gangrenous segments should be resected without attempting detorsion. Depending on the viability of sigmoid colon, hemodynamic stability, and overall health status of the patient, colorectal anastomosis versus Hartmann procedure may be performed. 48, 53 If the ileum must be resected due to ischemia, in most cases continuity may be reestablished. If the intestine is viable, it is reasonable to detorse and preserve the intestine. Several authors have suggested that sigmoidectomy should be performed regardless, because it may lessen the risk of recurrent volvulus. Mortality for ileosigmoid knotting ranges generally between 20 and 30% overall; however, this depends greatly on bowel viability at the time of exploration. 46, 48, 50, 51, 54 Prompt recognition and surgical intervention is critical in the management of ileosigmoid knotting.
Transverse Colon and Splenic Flexure Volvulus
Both transverse colon and splenic flexure volvulus are rare. Ballantyne et al reviewed 137 patients with colonic volvulus that presented to Mayo Clinic and found that 3% of patients were of the transverse colon and 2% were of the splenic flexure. 39 Similar to sigmoid and cecal volvulus, patients may present with an acute form or a chronic form with intermittent symptoms. Generally, the transverse colon is fixed by the hepatic and splenic flexures and has a short mesentery, making it less likely to volvulize 55 ; however, when the colon elongates, it is more prone to volvulus. Predisposing factors for transverse colon volvulus include distal obstruction, pregnancy, malrotation of the intestines, and chronic constipation. 55, 56 In addition, Chilaiditi syndrome, which is characterized by a loop of colon between the liver and the right hemidiaphragm, has been cited as a risk factor for volvulus. 57, 58 The splenic flexure has several attachments and is typically immobile. Volvulus of the splenic flexure occurs more commonly in the setting of chronic constipation, similar to transverse colon volvulus, and previous abdominal surgery. 59 Preoperative diagnosis for both transverse colon and splenic flexure volvulus may not be clear. Plain radiographs may demonstrate a "bent inner tube" sign in the upper abdomen for transverse colon volvulus, with two dilated loops of colon and a decompressed distal colon. 55, 60 Splenic flexure volvulus has the classic appearance of a "coffee bean" sign in the left upper quadrant. 61 However, plain films are often not enough to make the diagnosis. In these cases, computed tomography may be helpful and, as in other forms of volvulus, may demonstrate a swirl sign. 59 Often the diagnosis is made at the time of surgical exploration. Endoscopic decompression is generally not recommended for either transverse colon or splenic flexure volvulus because of the high risk of gangrene and recurrence. 55 Instead, patients should undergo surgical exploration. As with all types of volvulus, gangrenous segments must be resected. If the intestine is viable, detorsion followed by resection with either primary anastomosis or a proximal stoma is recommended to prevent further episodes of volvulus.
62
Conclusion
Intestinal volvulus is an important cause of bowel obstructions. There is geographic variability, and volvulus tends to be less common in Western regions. Small bowel volvulus is more common in infants and children, while colonic volvulus is more common in adults. Prompt diagnosis is critical and volvulus often represents a surgical emergency.
